Abstract. The possibility of predicting the carcass quality from live pigs at weights of c. 60 kg and c. 90 kg was investigated on progeny testing pigs (n = 236) of Landrace and Yorkshire breeds.
to perform. The interrelationship between the results of measurements of this type and the results obtained on the carcass is generally good or satisfactory. In testing station conditions, reasonable correlations have also been obtained with the measurement of muscle layers and sections, but performance of such measurements has been found to be cumbersome and requires not only an ultrasonic instrument but also equipment developed for the measurement of the sections.
If we examine the heritability coefficients (h 2 ) offat and muscle measurements obtained with ultrasonic instrument, we find that sufficiently high heritability coefficients have been obtained by means of linear measurements of fat, while the heritability coefficients for linear and areal measurements of muscle have been too low for practical breeding work (Lauprecht el at. 1967 , Wenioer et at. 1967 at.
1968, Rittler 1968 , Gerlach 1970 ). The relatively high h 2 values for muscle measurements obtained by Horst (1969) are an exception worth mentioning. The h 2 coefficients for the area of musculus longissimus dorsi on the carcass have generally been higher than the coefficients obtained with ultrasonic intrument, and the reason for the poorness of the result must consequentlybe soughtin the poor applicability in practice of the method of muscle measurement. Horst (1970) accordingly proposes that until the measuring of the m. long, dorsi becomes significant, as in the measurement of fat, the method of ultrasonic measurement should be applied in breeding work on two levels; measurement of fat for the selection of commercial boars and sows, and measurement of muscle for the selection of firstrate boars at testing stations. In the latter case, use should be made of equipment developed for the measurement of the area.
The premises and limitations of the present study were as follows: All the measurements made on live pigs were to be simple ones in order to be applicable in field conditions. A portable ultrasonic instrument was available, but there was no equipment for areal measurement. The aims of the study were: 1) to find the stage at which the slaughter quality can be satisfactorily evaluated (live weight categories of 60 kg and 90 kg), 2) to make a comparison between the information obtained by ultrasonic measurements and the information obtained by points evaluation and exterior measurements, and 3) to try to calculate models expressing the fattiness and meatiness of the carcass from the results of slaughter evaluation on live pigs.
Material
Measurements were made on 236 (118 c? + 118$) progeny testing pigs at the Pig Husbandry Experiment Station at Puistola by measuring consecutive progeny testing groups in three groups (Group I = 59 pigs, II = 96, and 111 = 81 pigs) in 1965-66. The animals arrived at the testing station with an average weight of 17.9 kg and were slaughtered at an average weight of 90.2 kg. The feed, which consisted of maize, barley and skim-milk, was fed to groups.
The live pigs were measured and evaluated at a weight of c. 60 kg and again at a weight of c. 90 kg one day before slaughter. A USK-4 ultrasonic instrument was used for measurement of the fat and meat layers. The sound-head was a barium titanite head of 10 mm in diameter and 2 MHz frequency. The measurements for the side fat and the muscle were taken at the level of the rear edge of the last rib. The locations at which the measurements were taken on the back, the shoulders and the hams can be seen in Fig. 1 . The carcasses were evaluated one day after slaughter.
Statistical methods
The processing of the material was done on an Elliot 503 computer, as follows:
The means, the standard deviations and the correlation matrix were calculated. Each characteristic was analysed by the least squares procedures (Harvey 1966) to calculate the effect of live weight, groups (I, II and III), breeds (Yorkshire and Landrace) and sex (barrows and gilts). (SCC 1966) was used to estimate the thickness of back fat and the area of the m. long, dorsi. The optional explanatory variables were the measurements and visual scores obtained at live weights of c. 60 kg and 90 kg. A »free model» was used in which the explanatory variable selected at each step was the one that most improved the correlation coefficient. The F-test (F Sj 2.000) was used as criterion for the explanatory variable which was to be included or dropped. The multiple correlation coefficients between each of the 20 carcass evaluation results and the estimations for the back fat and for the m. long, dorsi were calculated. Table 1 shows the means and the standard deviations of the carcass evaluation results as well as the ultrasonic and other measurements obtained on the pigs at live weights of 60 and 90 kg. Table 2 shows the role of the linear regression caused by the live weight as well as the statistical significance of the group, breed and sex upon the characteristics shown in Table 1. Table 2 also shows in per cents the sources of variation calculated from the sums of the squares and caused by the above factors.
Results
The live weight was found to have a highly significant effect on the exterior measurements in the 60 kg live weight class (it explained 15.1-48.4 % of the total variation), and a significant an almost significant effect in the 90 kg live weight class (it explained 1.7-7.8 % of the total variation). The live weight did not generally have a statistically significant effect upon the results of the points evaluation. The live weight did have a significant a highly significant effect on the individual fat measurements taken with an ultrasonic instrument in the 60 kg live weight (explaining 4. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .7 % of the variation), while its effect was slight in the 90 kg live weight (explaining 0.0-2.3 % of the variation). The differences in live weight did not have a statistically significant effect upon the aver- age for back fat and the area of the cross-section of the m. long, dorsi obtained in conventional carcass evaluation; the effect of live weight on side fat was only nearly significant.
For many of the characteristics, the differences between the evaluation groups were found to be very significant. It should be pointed out, however, that there was no significant difference between the groups in the back fat and side fat on the carcass evaluation.
There were very significant differences between the breeds in respect of the back fat and side fat at the carcass evaluation. However, hardly any differences were observed between the breeds in the fat and meat measurements made on live pigs. The breed was found to have a relatively great effect on the exterior measurements. The gilts were found to have significantly thinner back fat and side fat and bigger muscle area than the castrates. The results obtained with ultrasonic instrument showed this same tendency in both the live weight classes, although the differences were not so distinct.
Back f a t. In Table 3 The multiple correlation coefficients between each of the 20 carcass evaluation results and the estimations for the back fat are given in Table 4 .
Side fat. The importance of the side fat measurements in the determination of the quality of carcass has been shown in several studies (Blendl 1968 , Sungren 1967 , Uusisalmi 1969 . The correlation of ultrasonic side fat and muscle measurements with back fat, side fat, m. long, dorsi and fat/meat ratio obtained in carcass evaluation can be examined in Table 5 Musculus longissimus dorsi. In Table 6 the area of the cross-section of the m. long. dorsi is explained by means of stepwise multiple regression analysis. The ultrasonic and other measurements and the points evaluation results obtained at live weights of 60 kg and 90 kg are the optional explanatory variables. 27 per cent of the variation of the cross-section of the muscle could be explained in terms of the characteristics ascertained at a live weight of 60 kg, but only 29 per cent of the variation in terms of the (Fig. 2) . The common explanatory variables ind the said models were the side fat 9 cm left, the ham points, the width at the haunches and the measurement behind the shoulders. One. measurement of muscle depth occurs in each model. The phenotypic correlation of each characteristic with the area of the m.
long, dorsi is shown. The multiple correlation coefficients between each of 20 carcass evaluation results and the estimations for the m. long, dorsi are shown in Table 7 . Rittler (1968) , where young boars are concerned a correction made on the basis of age in addition to a correction made on the basis of weight will not appreciably improve the result. Likewise, in the study by Uusisalmi (1970) on the heritability of the ham and its components carried out on progeny testing material, the effect of age additional to the effect ofslaughter weight was found to be slight.
Although all three groups of pigs were measured within a period of less than two years, the group was found to have had a very significant effect on the daily gain, feed consumption and meat colour. The differences indicated that variation occurred in the testing station conditions. Ultrasonic measurements revealed differences between different groups although the carcass evaluation did not reveal differences in back fat and side fat. This is explicable in terms of the changes in methods of measurement among the groups.
Statistical differences were found in favour of gilts in the fat measurements expressing the fattiness of the carcass. It may be mentioned that in the present investigation the differences of the sexes were more clearly observed in the live weight of 90 kg than in that of 60 kg. One explanation for this may be found in the greater variation in live weight in the lower weight class. Another conceivable explanation is that the differences between the sexes increase with increasing weight.
Several research workers (Johansson & (Cahill et al. 1960 , Charette 1961 , Clausen et al. 1961 , Blair el al. 1965 , Robertson et al. 1965 , Tribble et al. 1965 , 1967 and Horst & Bader 1969 have revealed that the tendency of boars to fatten is even smaller than that of gilts, and that statistically boars are generally meatier than barrows.
The variables included in the stepwise multiple regression analyses were selected from among a number more than three times as large by means of a correlation matrix and factor analysis. The study did not carry out a detailed explanation of the partial regression coefficients, for several of the optional explanatory variables, e.g. the side fat measurements, were correlated among themselves. Thus the inclusion of, say, one measurement of side fat in the model will push the other measurements of side fat to the end of the model or even outside it.
Of the total variation in fat measurements made with an ultrasonic instrument, 4.2 -18.7 per cent was explained in the 60 kg weight class in terms of the regression according to weight, and 0.0-2.3 per cent in the 90 kg weight class in the same terms (Table 2) . If the ultrasonic measurements had been corrected by means of regression of live weight before the stepwise multiple regression analysis, or if live weight had been added as an optional explanatory variable in the analysis, the R 2 % (53 %) of the back fat model are similar in many respects: 1) practically the same characteristics occur in both estimations, although admittedly in a slightly different order, 2) the two models calculated for the back fat best explained the back fat of the carcass, second best the side fat, third the fat/meat ratio, fourth the bacon type and fifth the inside fat.
The R 2 % of the estimation of the m. long, dorsi calculated from the measurements made on the 60 kg and the 90 kg live weight classes were rather small. Further, only a few characteristics in common occur in these models. It must be mentioned, too, that the importance of the three depth measurements made on the muscle was small. In the ultrasonic measurements there were difficulties in finding the floor of the muscle.
On the basis of the analyses it can be shown that when the fattiness of the carcass is to be determined with ultrasonic instrument, the measurements of fat can be restricted for practical breeding work to the measuring of the fat layers of the midback and the side. These fat layers also seem to correlate with the trait expressing the meatiness of the back. In clarification it should be pointed out that with the fat becoming thinner and its variation narrower owing to selection, the depths and areas of muscle will have to be measured directly. Favourable results have also been obtained from the measurements of the area of the m. long dorsi (Lauprecht et al. 1960 , Price et al. 1960 1961, Horst 1964 , Meyer et al. 1966 , Andersen et al. 1970 . The equipment and the techniques of measurement are subject to constant development (Horst 1970) . At present, the measuring of the areas ofmuscle in live pigs is still difficult to apply in practical breeding work, as it is too time-consuming and relatively expensive.
